PH340

The Theories of Relativity

1. Physical and Conceptual Foundations of the Theory of Special Relativity

1.1 The Hypotheses of Newtonian  Mechanics
1.2 The Galilean Relativity Principle and its Limits
1.3 The Einsteinian Principle of Relativity
1.4 The Lorentz Transformation
1.5 Kinematical Consequences of the Lorentz Transformation
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2. Tensors

2.1 Scalars

2.2 Contravariant and Covariant Vector Components

2.3 Tensors of Higher Rank

2.4 The Metric Tensor

2.5 Differentiation of Tensor Fields

2.6 Vector in Euclidian Space
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3. Formulation of Relativity Theory in Minkowski Space

3.1 The Four-Dimensional Minkowski Space

3.2 Four-Vectors and -Tensors

3.3 The Full Lerentz Group

3.4 Geometrical Representation of Lorentz Transformation

3.5 Proper Time, Velocity, Acceleration
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4. Relativistic Mechanics

4.1 Dynamical Equation for a Mass Point

4.2 Momentum, Energy, Mass

4.3 Interation of Relativistic Particle via Fields

4.4 Energy-Momentum Conservaation for Particle Processes

4.5 The principle of Least Action: the Lagrangian

4.6 Conservation Laws
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5. Electrodynamics: An Example of a Relativistic Field theory

5.1 Wave Equation for the Electromagnetic Potentials

5.2 Lagrangian for a Charge in an External Field

5.3 The Electromagnetic Field Tensor and The Equations of Motion in an External Field

5.4 Transformation of the Field Components and the Invariants of the Field

5.5 Gauge Invariance

5.6 Covariant Form of Maxwell Equations

5.7 The Doppler Effect

5.8 Action Integral for the Electromagnetic Field and the Field Equations

5.9 Noether’s Theorem

5.10 Energy-Momentum Tensor of the Electromagnetic Field
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